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Abstract          At least 37 viruses naturally infect cultivated potatoes, 
that are classified in 9 families and the most important of them is the 
Potyviridae family. All members of the Potyviridae family form 
cylindrical inclusion bodies in infected cells, but they are unique in the 
diversity of inclusion bodies. The members of the Potyvirus genus have 
non-enveloped rod shaped flexuous particles 680-900 nm long and 11-
13 nm in diameter, helix pitch 3.4-3.5 nm, encapsidating a genome of 
about 9.7 kb with multiple copies of a single protein species of 30-47 
kDa. Potyviruses are transmitted mechanically by aphid’s mouth parts 
in a non-persistent, non-circulative, stylet borne manner using a helper 
component protein (HC-Pro) which facilitates binding of virus particles 
to the aphid’s maxillary stylets. The genome of potyviruses is positive – 
sense single stranded RNA of approximately 10 000 nucleotides. The 
Potyviruses genome contains one open reading frame (ORF) which is 
translated as a large polyprotein (between 340k and 368k), that is 
cleaved into 10 functional proteins (Riechmann et al., 1992): P1-32-
64K, HC-Pro – (helper component protein) 56-62K, P3- 38K, 6K1, CI– 
(cylindrical inclusions) 67-71 K, 6K2, VPg –(viral genomic protein) 5-6 
K, NIa  – (nuclear inclusion a) 49-55 K, NIb –(nuclear inclusion b) 58-
60 K, CP – (capsid protein) 28-40K.  
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The potyvirus group (named for its prototypical 
member Potato Virus Y) is the largest of the 34 plant 
virus groups and families currently recognised [44]. 
This is the largest of the genera of plant viruses (91 
species and 88 tentative species) and contains some 
economically important viruses such as PVY, BYMV, 
PPV and PRSV. Based on the amino acid sequences of 
their coat proteins, the Potyiviridea are now divided 
into six genera. All but the Bymovirus genus are single 
stranded particles. The six genera are: 

• Genus Potyvirus; type species: Potato virus Y  
• Genus Rymovirus; type species: Ryegrass 

mosaic virus  
• Genus Bymovirus; type species: Barley yellow 

mosaic virus  
• Genus Macluravirus; type species: Maclura 

mosaic virus  
• Genus Ipomovirus; type species: Sweet potato 

mild mottle virus  
• Genus Tritimovirus; type species: Wheat 

streak mosaic virus  
The largest genus in the Family Potyviridea is 

the potyviruses. There are more than 100 known 
species in this genus. These viruses are 720-850 nm in 

length and are transmitted by aphids. They can also be 
easily transmitted by mechanical means.  

The species in the genus Macluravirus are 
650-675 nm in length and are also transmitted by 
aphids. The plant viruses in the genus Ipomovirus are 
transmitted by whiteflies and they are 750-950 nm 
long. Tritimovirus and the Rymovirus are 680-750 nm 
long and are transmitted by eriophydid mites. The 
rymoviruses are closely related to the potyviruses and 
may eventually be merged with the potyviruses.  

The Bymovirus genome consists of two 
particles instead of one (275 and 550 nm) and these 
viruses are transmitted by the chytrid fungus 
(Polymyxa graminis). 

Potyviruses are quite similar, in terms of their 
genomic structure and strategy of expression, to the 
plant bipartite como- and nepoviruses and to the animal 
picornaviruses. Moreover, the genome of these 
differing species contains a region of conserved gene 
order which encodes non-structural proteins involved 
in RNA replication and it has been proposed that the 
potyviruses, comoviruses and nepoviruses could be 
organised in a supergroup of picorna-like viruses 
(Goldbach et al., 1990).   
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All members of the Potyviridae family form 
cylindrical inclusion bodies in infected cells, but they 
are unique in the diversity of inclusion bodies. This 
cylindrical inclusions (CI) bodies are formed by a 
virus-encoded protein and can be considered as the 
most important phenotypic criterion for assigning 
viruses to the Potyvirus group (Shukla, 1991). Most of 
the Potyviruses induce also cytoplasmic amorphous 
inclusion bodies and some form nuclear inclusions 
(NIa or NIb). 

Concerning the molecular basis for viral host 
ranges can be done some conclusions:  
• there is usually no receptor recognition system for 

the host plasma membrane and little host 
specificity in the initial uncoating process;  

• in some plant-virus combinations, molecular 
mechanisms may exist for blocking virus at some 
stage in the replication process in the cells where 
virus first gained entry; 

• in many virus-host combinations, replications may 
occur in the first infected cells, but movement out 
of this cells is not possible because of a mismatch 
between a viral movement protein and some host 
cell structures; 

in other virus-host combinations movement can be 
limited by host responses to cells in the vicinity of the 
initially infected cell, giving rise to a local lesion host 
which is “field resistant” (Dijkstra 1992). 

 

Table 1. Members and possible members of the six genera of the Potyviridae (after Berger et al., 1998) 

Virus or species Acronym 

Genus:       Potyvirus  

Definitive Species:  

Alstroemeria mosaic virus AlMV 

Amaranthus leaf mottle virus AmLMV 

Araujia mosaic virus ArjMV 

Artichoke latent virus ALV 

Asparagus virus 1 AV-1 

Bean common mosaic virus BCMV 

Azuki bean mosaic virus  

Blackeye cowpea mosaic virus)   

 Dendrobium mosaic virus  

 Guar green sterile virus  

 Peanut stripe virus  

 Peanut mild mottle virus  

 Peanut chlorotic ring mottle virus  

Some cowpea aphid-borne mosaic 
virus strains     

Bean common mosaic necrosis 
virus BCMNV 

 Serotype A of BCMV  

Bean yellow mosaic virus  BYMV 

Crocus tomasinianus virus  

White lupin mosaic virus  

Pea mosaic virus  

Beet mosaic virus BtMV 

Bidens mottle virus BiMoV 

Calanthe mild mosaic virus CalMMV 

Cardamom mosaic virus CdMV 

Carnation vein mottle virus CVMoV 

Carrot thin leaf virus  CTLV 

Celery mosaic virus CeMV 

Chilli veinal mottle virus ChiVMV 

Pepper vein banding mosaic virus  

Clover yellow vein virus  ClYVV 

Pea necrosis virus  

Statice virus Y  

Cocksfoot streak virus CSV 

Colombian datura virus CDV 

Commelina mosaic virus ComMV 

Cowpea aphid-borne mosaic virus  CABMV 

South African passiflora virus  

Cowpea green vein banding virus CGVBV 

Dasheen mosaic virus  DsMV 

Datura shoestring virus DSTV 

Endive necrotic mosaic virus ENMV 

Freesia mosaic virus FreMV 

Gloriosa stripe mosaic virus GSMV 

Groundnut eyespot virus GEV 

Guinea grass mosaic virus GGMV 

Helenium virus Y HVY 

Henbane mosaic virus  HMV 

Hippeastrum mosaic virus  HiMV 

Hyacinth mosaic virus HyaMV 

Iris fulva mosaic virus  IFMV 

Iris mild mosaic virus IMMV 

Iris severe mosaic virus ISMV 

Bearded iris mosaic virus  

Johnsongrass mosaic virus JGMV 
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Kalanchoe mosaic virus  KMV 

Konjak mosaic virus KonMV 

Leek yellow stripe virus LYSV 

Garlic potyvirus  

Garlic virus 2  

Lettuce mosaic virus  LMV 

Lily mottle virus LiMoV 

Maize dwarf mosaic virus  MDMV 

Moroccan watermelon mosaic 
virus  WMMV 

Narcissus degeneration virus NDV 

Narcissus late season yellows 
virus  NLSYV 

Jonquil mild mosaic virus  

Narcissus yellow stripe virus  NYSV 

Nnerine yellow stripe virus NeYSV 

Nothoscordum mosaic virus NoMV 

Onion yellow dwarf  OYDV 

Ornithogalum mosaic virus OrMV 

Papaya ringspot virus PRSV 

Watermelon mosaic virus 1  

Parsnip mosaic virus  ParMV 

Passionfruit woodiness virus  PWV 

Pea seed-borne mosaic virus  PSbMV 

Peanut mottle virus  PeMoV 

Pepper mottle virus  PepMoV 

Pepper severe mosaic virus PeSMV 

Pepper veinal mottle virus  PVMV 

Peru tomato virus  PTV 

Petunia flower mottle virus PFMoV 

Plum pox virus  PPV 

Pokeweed mosaic virus  PkMV 

Potato virus A  PVA 

Potato virus V  PVV 

Potato virus Y  PVY 

Rembrandt tulip breaking virus RTBV 

Sesame mosaic virus SeMV 

Shallot yellow stripe virus SYSV 

Welsh onion yellow stripe virus  

Sorghum mosaic virus  SrMV 

Soybean mosaic virus  SMV 

Sugarcane mosaic virus  SCMV 

Sweet potato feathery mottle virus SPFMV 

Sweet potato russet crack  

Sweet potato A  

Sweet potato chlorotic leaf spot  

Sweet potato internal cork  

Sweet potato latent virus SwPLV 

Tamarillo mosaic virus TamMV 

Telfairia mosaic virus TeMV 

Tobacco etch virus TEV 

Tobacco vein banding mosaic 
virus TVBMV 

Tobacco vein mottling virus TVMV 

Tulip breaking virus TBV 

Turnip mosaic virus  TuMV 

Tulip top breaking virus  

Tulip chlorotic blotch virus  

Wakegi yellow dwarf virus WYDV 

Watermelon mosaic virus 2 WMV-2 

Vanilla necrosis virus  

Wisteria vein mosaic virus WVMV 

Yam mild mosaic virus  YMMV 

Yam mosaic virus  YMV 

Dioscorea green banding virus  

Zucchini yellow fleck virus ZYFV 

Zucchini yellow mosaic virus  ZYMV 

   

Possible species:  

Amazon lily mosaic virus AliMV 

Aneilema virusb AneV 

Anthoxanthum mosaic virusa AntMV 

Aquilegia virusa,b AqV 

Arracacha virus Y AVY 

Asystasia gangetica mottle virusa AGMoV 

Bidens mosaic virus BiMV 

Bramble yellow mosaic virus BrmYMV 

Bryonia mottle virus BryMoV 

Calanthe mosaic virus CalMV 

Canary reed mosaic virus CRMV 

Canavalia maritima mosaic virus CnMMV 

Carrot mosaic virus CtMV 

Cassia yellow spot virus CasYSP 

Celery yellow mosaic virus CeYMV 

Chickpea bushy dwarf virus CpBDV 

Chickpea filiform virus CpFV 

Clitoria yellow mosaic virus CtYMV 

Cowpea rugose mosaic virus CPRMV 
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Crinum mosaic virusa CriMV 

Croatian clover virusb CroCV 

Cypripedium calceolus virusa CypCV 

Daphne virus Y DVY 

Datura virus 437 DV-437 

Datura distortion mosaic virus DDMV 

Datura mosaic virusa DTMV 

Datura necrosis virus DNV 

Desmodium mosaic virus DesMV 

Dioscorea trifida virusb DTV 

Dipladenia mosaic virus DipMV 

Dock mottling mosaic virus DMMV 

Eggplant green mosaic virus EGMV 

Eggplant severe mottle virus ESMoV 

Euphorbia ringspot virusa EuRV 

Ficus carica virusb FicCV 

Guar symptomless virusa GSLV 

Habenaria mosaic virus HaMV 

Holcus streak virusa HSV 

Hungarian Datura innoxia virusa HDIV 

Indian pepper mottle virus IPMoV 

Isachne mosaic virusa IsaMV 

Kennedya virus Y KVY 

Lily mild mottle virus LiMMoV 

Malva vein clearing virus MVCV 

Marigold mottle virus MaMoV 

Melilotus mosaic virus MeMV 

Melon vein-banding mosaic virus MVBMV 

Mungbean mosaic virusa MbMV 

Mungbean mottle virus MbMoV 

Nasturtium mosaic virus NasMV 

Nerine virus Y NVY 

Palm mosaic virusa PalMV 

Papaya leaf distortion mosaic 
virus PLDMV 

Passionfruit mottle virus PFMoV 

Passionfruit ringspot virus PFRSV 

Patchouli mottle virus PatMoV 

Peanut green mottle virus PeGMoV 

Pecteilis mosaic virus PcMV 

Pepper mild mosaic virus PMMV 

Pepper vein banding virus PVBV 

Perilla mottle virus PerMoV 

Plantain virus 7 PlV-7 

Pleioblastus mosaic virus PleMV 

Populus virusa PV 

Primula mosaic virus PrMV 

Primula mottle virus PrMoV 

Ranunculus mottle virus RanMoV 

Rudbeckia mosaic virus RuMV 

Sri Lankan passionfruit mottle 
virus SLPMoV 

Sunflower mosaic virusa SuMV 

Sweet potato vein mosaic virus SPVMV 

Sweet potato mild speckling virus SPMSV 

Sword bean distortion mosaic 
virus SBDMV 

Teasel mosaic virus TeaMV 

Tobacco wilt virus TWV 

Tongan vanilla virus TVV 

Tradescantia/Zebrina virusb TZV 

Trichosanthes mottle virus TrMoV 

Tropaeolum virus 1 TV-1 

Tropaeolum virus 2 TV-2 

Tulip band breaking virus TBBV 

Ullucus mosaic virus UMV 

Vallota mosaic virus ValMV 

Vanilla mosaic virus VanMV 

White bryony virus WBV 

Wild potato mosaic virus WPMV 

Zoysia mosaic virus ZMV 

   

Genus:       Macluravirus  

Definitive species:  

Maclura mosaic virus  MacMV 

Narcissus latent virus  NLV 

Possible species:  

None reported  

   

Genus:      Ipomovirus   

Definitive species:  

Sweet potato mild mottle virus  SPMMV 

Possible species:  

Sweet potato yellow dwarf virus SPYDV 

  

Genus:      Tritimovirus   

Definitive species:  

Wheat streak mosaic virus  WSMV 
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Brome streak mosaic virus BrSMV 

Possible species:  

Sugarcane streak mosaic virus SCSMV 

  

Genus:      Rymovirus   

Definitive Species:  

Agropyron mosaic virus  AgMV 

Hordeum mosaic virus HoMV 

Oat necrotic mottle virus  ONMV 

Ryegrass mosaic virus  RGMV 

Possible species:  

Spartina mottle virus SpMV 

  

Genus:      Bymovirus  

Definitive species:  

Barley yellow mosaic virus  BaYMV 

Barley mild mosaic virus  BaMMV 

Oat mosaic virus  OMV 

Rice necrosis mosaic virus  RNMV 

Wheat spindle streak mosaic virus WSSMV 

Wheat yellow mosaic virus  WYMV 

 
 
 
 
 
Architecture and assembly of virus 
 

The members of the Potyvirus genus have 
non-enveloped rod shaped flexuous particles 680-900 
nm long and 11-13 nm in diameter, helix pitch 3.4-3.5 
nm, encapsidating a genome of about 9.7 kb with 
multiple copies of a single protein species of 30-47 
kDa. The definitive morphological structure is 
composed of approximately 2000 copies of capsid 
protein (Riechmann, et al., 1992). There is less 
understanding of the process of virion assembly in 
Potyviruses, but is known that the assembly is initiated 
at, or close to, the 5’ end of the RNA. The evidence 
that the origin of assembly is close to the 5’ end of the 
RNA, came from in vivo studies using RN-ase 
protection that showed that assembly took place 30-45 
minutes after inoculation of protoplasts with the 
Potyvirus. The virus coat protein subunits form stacked 
ring structures, assemble into virus-like particles when 
expressed in E coli yeast and mediated by recombinant 
vaccinia virus in mammalian cells. This give a tool to 
the studies of the factors involved in virion assembly 
(Mattiew’s). 

The central domain of CP is responsible for 
virion encapsidation and interacts closely with the 
RNA in the interior of the virion forming intersubunit 
contacts needed for assembly and stability of the 
particle. Two essential amino acids Arg (R194) and 
Asp (D238) were identified by mutagenesis in the core 
of the Johnsongrass mosaic virus CP (Jagadish et al., 
1993). The reason that only the core is required for 
genome encapsidation was given also by deletion 
experiments of 17 amino acids from the C-terminal 
domain, which shown that this deletion had no effect 
on virus assembly (Varrelmann and Maiss, 2000).  
 
 
Transmission of Potyvirus 
 

         Potyviruses are transmitted mechanically by 
aphid’s mouth parts in a non-persistent, non-
circulative, stylet borne manner using a helper 
component protein (HC-Pro) which facilitates binding 
of virus particles to the aphid’s maxillary stylets. 
Aphids can obtain the virus after only brief contact 
with an infected host and usually retain the virus for 
less than an hour, though a few viruses can survive up 
to 40 hours (Harrison & Robinson, 1988). Because of 
the brief retention of the virus, aphids can normally 
only carry it for relatively short distances. However, 
with strong winds the virus can be spread great 
distances from other infected hosts. One speculation of 
how aphids retain the virus is that during feeding the 
virus adheres to the sucking pump and foregut. In 
subsequent feedings sap from the foregut is 
regurgitated, carrying the virus to the new host. Aphid 
transmissibility and specificity are also dependent upon 
the coat protein (CP) (Shukla, et al., 1991). The 
analysis of the results obtained with the HC-Pro 
mutants and with CP mutants showed that aphid’s 
transmissibility is strong correlated with CP-HC-Pro 
complex. The most recent characterisation of HC-Pro 
exhibits that the transmission function of this protein 
needs the N-terminus and the PTK (Pro-Thr-Lys) motif 
(Plisson et al., 2003). 

Some of the members of this genus can be 
seed transmitted depending on the virulence of the 
virus, age of the plant and environmental conditions.  

After the aphid deposits the virus on the host, 
it enters the cell and the coat protein is removed. A 
replicase is then assembled and the virus is copied 
many times. Some of these copies remain as uncoated 
RNA molecules and move into the neighbour cells to 
induce further infections. The infection occurs when 
other copies are coated with the protein and ascend into 
the upper regions of the plant without causing serious 
damages to the plant. These virus particles remain in 
the upper region throughout the entire vegetative cycle 
of plant. After finishing this cycle the virus descend to 
the tubers for hibernation until spring. Once the tubers 
germinate the virus is activated and secondary 
infection takes places throughout the whole plant. This 



 415 

secondary infection causes more physical damage to 
the plant and is now capable of being transmitted to 
other healthy plants by aphids or other vectors 
(Harrison & Robinson, 1988). 
 
Systemic infections 
 
  A systemic infection of plants by viruses 
involves at least three steps: 

• viral replication in initially infected cells; 
• cell-to-cell or short distance movement, where 

the virus moved out into adjacent cells; 
• long-distance transport, where spread occurs 

through the vascular system and the virus 
infects cells and organs far from the initial 
point of entry into the plant.  
In cell-to-cell and long distance movement, 

the infectious form of the virus, which may be virions, 
viral nucleic acids, viral nucleoprotein complexes or a 
combination thereof, must be able to traffic between 
cells and different cell types through plasmodesmata 
(Carrington et al., 1996). Because studies have 
established that plasmodesmata have a size exclusion 
limit (SEL) of 800-1000 Da, which is too small to 
allow the free passage of virions or viral nucleic acids, 
it was demonstrate that many plant viruses, among 
which the potyviruses, encode movement proteins that 
have the capacity to increase plasmodesmal SEL and 
mediate the passage of viral molecules between cells 
(Waigmann and Zambrisky, 1994). The movement of 
the infectious form of the virus is done through 
plasmodesmata by a complex formed between the viral 
nucleic acid and the movement protein and may 
involve also an interaction of this complex with the 
plant cytoskeleton (Rojas et al., 1997). More recent 
was found that the amino terminus of the potyvirus 
coat protein (CP) is necessary for aphid transmission 
and systemic infection. This domain is externally 
located on the virion, strongly antigenic, and highly 
variable in length and sequence. 
Other genetic analyses conducted with a full-length 
infectious clone of tobacco etch potyvirus (TEV), 
labelled with the marker gene encoding β-
glucuronidase (GUS), have proved that the movement 
proteins are CP (Dolja et al., 1995) and HC-Pro, which 
play a role in cell-to-cell and long-distance movement 
(Kasschau et al., 1997). But, more recently, alanine 
scanning of CI proved that this protein is also involved 
in cell-to-cell movement of the virus by its interaction 
with plasmodesmata (Carrington et al., 1998). 

Recently was found by molecular techniques 
and using Electron and Confocal microscopy that the 
HC-Pro protein probably does not interact with the CP 
in the form of assembled virions or virus-like particles. 
These results suggest that the interaction detected 
between CP and HcPro might be involved in a process 
of the potyvirus cycle different from aphid 
transmission (Roudet-Tavert et al., 2002). 

The role of potyvirus proteins in cell-to-cell 
movement was also investigated using Escherichia- 
coli – expressed proteins that were fluorescently 
labelled thereto introduced into host cells using 
microinjection techniques. Results from this studies 
showed direct evidence that HC-Pro and CP can 
increase plasmodesmal SEL and facilitate cell-to-cell 
movement of their own and also of viral RNA (Rojas et 
al., 1997). The coat protein forms disks of 7-8 subunits 
which are stacked into a helix with pitch of 3.3-3.4 nm, 
and contains DAG amino acids triplet (Asp-Ala-Gly ) 
at 2 locations and any mutation of these will result in a 
non-aphid transmissible virus (Lopez-Moya et al., 
1999). 

HC-Pro is a multifunctional protein with 
proteolytic activity (see below) and these roles might 
be related and associated with a function of HC-Pro in 
interference with an induced host defence system 
(Kasschau et al., 1997). Saenz et al (2002) found that 
PPV HC-Pro has a strong enhancement effect on the 
pathogenicity of PVX in N. clevelandii and 
N.benthamiana. But does not intensify the symptoms 
of this virus in tobacco, in which PPV cannot move out 
of the inoculated leaf without the help of the HC-Pro of 
TEV.  
 
Genome organisation and expression  
 

The genome of potyviruses is positive – sense 
single stranded RNA of approximately 10 000 
nucleotides (Dougherty & Carrington, 1988) with a 
VPg (virus protein genomic linked) behind the 5’ end 
non-coding region and a 3’ poly (A) tract. The length 
of potyviral 5’ non-coding region ranges between 144 
(TEV) and 205 (TVMV) nucleotides. They are rich in 
adenine residues and have few guanidine residues, and 
they may be implicated in virus life cycle, in the 
process of encapsidation, translation or replication 
(Lain et al., 1989). The 3’ non-coding regions of 
different potyviruses have been described as 
heterogeneous in size (Turpen et al., 1989) and also the 
poly (A) tails have been found to be very 
heterogeneous in length (Lain et al., 1989). 

The positive sense genome can act directly as 
a messenger RNA with the 5’ non-coding region 
functioning as an enhancer of translation. The 
mechanism of internal ribosomal entry which has been 
demonstrated or suggested for picornaviruses and 
comoviruses has not been found to operate for 
translation of potyvirus RNA. The translation is 
initiated for Potyviruses by recognition of an internal 
AUG codon by a leaky scanning mechanism 
(Riechmann et al., 1991). 

The Potyviruses genome contains one open 
reading frame (ORF) which is translated as a large 
polyprotein (between 340k and 368k), that is cleaved 
into 10 functional proteins (Riechmann et al., 1992): 
P1-32-64K, HC-Pro – (helper component protein) 56-
62K, P3- 38K, 6K1, CI– (cylindrical inclusions) 67-71 
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K, 6K2, VPg –(viral genomic protein) 5-6 K, NIa  – 
(nuclear inclusion a) 49-55 K, NIb –(nuclear inclusion 
b) 58-60 K, CP – (capsid protein) 28-40K.  

The major biochemical and biological features 
of these proteins are: 
P1: C-terminal autocleavage and trypsin-like serine 
proteinase, symptomatology, genome amplification, 
binding RNA; 
HC-Pro: aphid transmission, cell-to-cell long-distance 
movement, proteolytic activity, genome amplification, 
self interaction, enhancement of pathogenicity, long-
distance movement of other viruses in mixed 
infections, suppresion of gene silencing, synergism and 
symptom expression, papain-like cysteine proteinase, 
binding RNA, C-terminal autocleavage; 
P3: plant pathogenicity, genome replication 
6K1: plant pathogenicity together with the C-terminal 
region of P3, genome amplification; 
CI: cell-to-cell movement, ATP-ase/RNA helicase, 
genome amplification, binding RNA; 
6K2: anchoring the viral replication complex to 
membranes, genome amplification; 
VPg: genome replication, binding RNA; 
NIa:  cellular localization, trypsin-like serine protease 
(acts in cis and in trans), binding RNA, genome 
amplification, protein-protein interaction; 
NIb: genome replication, RNA-dependent RNA 
polymerase (RdRp), binding RNA; 
CP: aphid transmission, cell-to-cell and systemic 
movement and virus assembly, binding RNA, genome 
amplification. 
P1 protein corresponds to the N-terminal gene of the 
potyvirus genome and encodes a proteinase, which 
allows its own cleavage from the polyprotein 
(Riechmann et al., 1992). Deletion and mutational 
analyses have shown that P1 is not strictly required for 
viral infectivity, even thought it enhances amplification 
and movement of the virus, but cleavage at the 
boundary between P1 and HC-Pro is essential for 
viability (Urcuqui-Inchima et al., 2001).  

Mutations in the proteolytic domain were 
lethal and could be rescued by replacement of the 
P1/HC-Pro cleavage site by the nuclear inclusion a 
(NIa) specific cleavage sequence (Verchot and 
Carrington, 1995). These results indicate that the P1 
proteinase activity is not required in itself and also that 
processing between P1 and HC-Pro can be delayed in 
time until expression of NIa occurs.  

The precise function of P1 has not yet been 
established. Non-specific RNA binding has been 
attributed to involvement of the P1 in viral movement, 
but even the localisation of P1 with cytoplasmic 
inclusions involved in cell-to-cell movement could be 
in agreement with this function. Although, P1 was not 
found near the plasmodesmata and none of the P1 
mutants was deficient for movement.  The role of P1 
and HC-Pro in viral synergism was investigated by 
Pruss et al. (1997) and they showed that the P1/HC-Pro 
fusion has the potential of a broad pathogenicity 

enhancer which consist on suppression of host defence 
and on suppression of post-transcriptional gene 
silencing (Kasschau and Carrington, 1998).  

HC-Pro is a multifunctional protein which 
may be divided, conform its functions, into three 
regions: the N-terminal (involved in transmission 
specificity and binding with aphid mouthparts), central 
region (implicated in all other functions of HC-Pro) 
and C-terminal region (involved in proteinase activity) 
(Plisson et al., 2003). HC-Pro is the protein involved in 
aphid transmission of the virus and it has been shown 
that different aphid species transmit potyviruses to 
different extends. This phenomenon has been shown by 
Wang et al. (1998) that is due to the source of HC-Pro. 
He did an experiment by feeding insects with various 
virus/HC-Pro combinations and correlated the capacity 
of a given HC-Pro to retain a given virion in the insect 
stylets.  

The effect of mutations in HC-Pro on 
interaction with virions or the CP and with aphid 
stylets showed that all potyviruses contain in the N-
terminal region of HC-Pro, a highly conserved 
tetrapeptide Lys-Ile/Leu-Thr/Ser-Cys designed KITC 
within a Cys-rich motif. Comparing two potyviruses 
PVY and PVC in which were induced alterations from 
Lys to Glu in the KITC motif, Blanc et al. (1998), 
found that the K to E mutation does not affect binding 
HC-Pro to the CP, but hinders HC-Pro stylet 
interaction, and abolishes HC-Pro function in aphid 
transmission. But, inducing transformation of E to K in 
PVY HC-Pro domain Sasaya et al. (2000) showed only 
the K residue is essential to restore the capability to 
assist aphid transmission, and that the other amino acid 

differences at the N terminus do not play a role. For 
self- interaction function of HC-Pro has been found 
that there are involved two domains from the N-
terminal region and C-terminal proteinase domain 
(Guo et al., 1999). 

It has been proposed that HC-Pro is necessary 
for both entry and exit from the vascular system of the 
plant, but the mechanism whereby HC-Pro affects the 
genome amplification and systemic movement of the 
virus is not known yet. More about the HC-Pro activity 
is written in Urcuqui-Inchima et al. (2001) review.  

The P3 protein is now one of the least well 
characterised Potyvirus proteins and a review about its 
functions is made by Urcuqui-Inchima et al. (2001). 
The P3 protein may be involved in virus amplification 
and this supposition is made by Langenberg and Zang 
(1997) and by Rodriguez-Cerezo (1993) which studied 
the P3 activity in TVMV respectively in TEV. They 
found that P3 was localised in the cytoplasm of 
infected cells and it has been associated with the CI 
protein since the early stages of the formation of the CI 
structures, or localised in nucleus associated with NIa. 
The discrepancies between those two results may 
appear because of different localisation of the 
functional protein comparing with the non-functional 
forms, which are in large excess (Riedel et al., 1998).   
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Deletion of 6K1affects maturation of P3 and 
CI proteins in insect cells and abolishes infectivity in 
plants (Merits et al., 2002). Exchange of a genomic 
fragment, that encodes 173 amino acids from the C-
terminal part of the P3+6K1 coding region confers PS-
symptomatology to the R-type of Plum pox virus and 
that indicate that this region is implicated in symptom 
determination, at least to this virus (Saenz et al., 2000). 
But, P3/6K1 cleavage site that have a small effect on in 
vitro cleavage, and that apparently don’t affect virus 
accumulation, cause drastic changes in the symptoms 
of the infected plants. From this data it has been 
concluded that 6K1 could have a regulatory role in the 
P3+6K1 complex (Riechmann et al., 1995) and only 
together they have importance in symptoms inducing 
(Saenz et al., 2000).  

Though have been made many researches 
about the role of P3 protein from potyvirus genome 
there is still a little information how this protein may 
interact with the plant and/or virus elements in order to 
induce different symptomatologies. The P3 protein has 
been found present predominantly in membrane 
enriched fractions of extracts of infected lives with 
TVMV (Rodriguez-Cerezo and Shaw, 1991) and 
computer analyses indicate the existence of two 
putative transmembrane helices in its domain. 
Additionally, the 6K1 posses a highly hydrophobic 
core and proteolytic removal of this domain may 
change the function of P3+6K1 polyprotein, which is 
supposed to be an integral membrane protein 
(Restrepo-Hartwig & Carrington, 1994). There are 
some speculations about that disturbance of cell 
membranes by P3+6K1 insertion would be able to 
induce different symptoms (Saenz et al., 2000). 

The next protein in the order in which his 
cistron appear on the genome, after 6K1, is 
cytoplasmic inclusion proteinase (CI) which has many 
functions. The most important role of CI is ATPase 
activity and unwind RNA duplexes by disrupting the 
hydrogen bonds, that maintain the two strands together 
(Kadare and Haenni, 1997). The other function of this 
protein has been presented above.  

In the genome of all these viruses a cluster of 
genes is found that encodes a number of non-structural 
proteins exhibiting characteristic amino acid blocks 
which have been shown be involved in RNA 
replication: P3 (for this one there are just some 
suggestions that may be implicated in RNA 
replication) 6K1, CI, 6K2, NIa, Nib.  

Three virus-encoded proteases: NIa, HC-Pro 
and P1 process co- and post-translationally the large 
viral precursor polyprotein. NIa is responsible for 
cleavages in the C-terminal two-thirds of the 
polyprotein, whereas HC-Pro and P1 autocatalytically 
cleave at their respective C termini (Verchot et al., 
1991).   

NIa is the most important proteinase from the 
potyvirus genome and it is responsible for the cleavage 
of all proteins from the polyprotein, except the P1 and 

HC-Pro, which cut alone at their C-terminal. The NIa 
protein contains two domains: the VPg domain at its N 
terminal and the NIa protease at the C-terminal, which 
is responsible for other protein cleavage. NIa protease 
cleavage sites are defined by sequences of seven amino 
acids, which have been characterised by a variety of 
experimental approaches (Garcia et al., 1989) and six 
of that cleavage sites are present in the potyvirus 
polyprotein. Five of them have been demonstrated by 
analysing the products of proteolytic processing in 
vitro or in E.coli. NIa protease catalyses post-
translational proteolysis at an internal cleavage site, 
which differs from the consensus sequences of the six 
NIa sites. This site is located between the VPg and 
protease domain of the NIa protein and its cleavage 
could be related to some step of the viral RNA 
replication process (Riechmann et al., 1992). NIa 
catalysed proteolytic maturation of the potyviral 
protein is a regulated process, which involves cis 
(intramolecularly) and trans (intermolecularly) 
cleavages. The potyviruses are unable to regulate their 
gene expression differentially at the levels of 
transcription and translation therefore they developed 
the sequential proteolytic events for regulation the 
expression of gene products. (Dougherty et al., 1989). 

The VPg (virus genome linked protein) is 
attached to the genomic RNA by a phosphodiester 
bond between the β-OH group of a serine or tyrosine 
residue located at the NH2 terminus of the VPg and the 
5’ terminal uridine residue of the genomic RNAs. The 
Potyvirus VPg has between 22-24 kDa and has no 
requirement for infectivity being involved in virus 
replication and mutations in this protein determine 
virulence toward recessive resistance (Moury et al., 
2004).  

NIb is a protein coded by a cistron from the 
potyvirus genome which is located between NIa C-
terminus and CP N-terminus and generally forms 
inclusions in the nucleus of infected plants even though 
his role is to be in the cytoplasm or in the membranes 
associated with replication complexes during the RNA 
synthesis. The structural integrity of NIb is involved in 
controlling the transport of the protein to the nucleus 
where is not known which is its function. It was 
established that NIb interacts with NIa through the VPg 
domain and if mutations occurs causing loss of 
interaction between those two proteins it will led to 
temperature sensitive genome amplification (Urcuqui-
Inchima et al., 2001). Wang et al. (2000) found 
interaction between the NIb protein and the poly (A) 
binding protein, but couldn’t found the affects of this 
interaction on genome amplification.  

Despite the presence of the characteristic set 
of replication genes, the position and functions of other 
genes are unique. Among these differences are the 
location of the coat protein cistron at the 3’ end of the 
genome, the requirement of three proteolytic activities 
for polyprotein processing, the sequence similarities 
between some non-structural and structural potyviral 
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proteins and the equivalent proteins of some otherwise 
unrelated viruses (Riechmann et al., 1992).  

The capsid protein (CP) of potyviruses has 
been described and characterised in Shukla’s and 
Ward’s review (1989) and can be divided into three 
domains. Those domains are: the N- and C-terminal 
that are exposed on the surface of the particle, and the 
central domain, which is not so variable like the N and 
C domains. The CP is involved in aphid transmission, 
cell-to-cell and systemic movement, encapsidation of 
the viral RNA and finally in the regulation of viral 
RNA amplification. Using the two-hybrid system to 
test for pairwise interactions between TVMV NIb 
protein and two other encoded proteins: the NIa protein 
and the viral coat protein (CP) was found that the CP 
interacts with the NIb in a manner that is sensitive in 
changes in the highly conserved GDD motif. The role 
of this interaction in the functioning of the NIb protein 
or the CP is unclear, but it supposes that CP is involved 
regulation of viral RNA synthesis in infected cells 
(Hong et al., 1995). 

The roles of the capsid protein (CP) and the 
CP coding sequence of tobacco etch potyvirus (TEV) 
in genome amplification were analysed by inducing 
different mutations inside the CP cistron. The results 
led to the conclusions that: TEV genome amplification 
requires translation to a position between CP codons 
138 and 189 but does not require the CP product and 
the TEV CP coding sequence contains a cis-active 
RNA element between codons 211 and 246. 
 
Affinities with Other Groups 
 

Members of the Potyviridae are readily 
differentiated from other filamentous viruses of the 
genera Allexivirus, Capillovirus, Carlavirus, 
Closterovirus, Crinivirus, Foveavirus, Potexvirus, 
Trichovirus and Vitivirus. Their particles are more 
flexuous than those of allexiviruses, carlaviruses, 
foveaviruses and potexviruses but less so than those of 
capilloviruses, closteroviruses, criniviruses, 
trichoviruses and vitiviruses. Their genome 
organization indicates that they belong to the picorna-
like supergroup of viruses whose RNAs have a VPg 
covalently bound to the 5' end, a poly(A) tail at the 3' 
end, and are expressed as a single polyprotein which is 
subsequently cleaved by proteinases to yield several 
functional proteins, including a conserved ordered gene 
set of non-structural proteins that are involved in RNA 
replication. 

 
Conclusions 
 

The genome of potyviruses was much 
researched and there were a lot of scientific centres 
which tried to find out more about its proteins and their 
role in virus transmission, replication or movement in 
and between the host plants. Using mutation and/or 
deletion studies or other molecular biology techniques 

was demonstrated that most of the viral proteins of 
potyviruses are multifunctional and the best example is 
HC-Pro.  

There still are, in spite of so many 
experiments and studies, many unknown things about 
some potyvirus proteins and the reasons of their acts or 
their role, as in 6K1, P3 and 6K2 case. Genetic and 
biochemical evidences showed that the replication 
complex of potyviruses is composed by CI, NIa (VPg 
and NIa-Pro), and NIb and the genome amplification is 
due to P1, HC-Pro, P3-6K1 and 6K2. The CP protein is 
involved in aphid transmission, cell-to-cell and 
systemic movement, encapsidation of viral RNA and 
this is the reason it can’t be included in any of upper 
categories. 
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